This paper aims to research the driving effect of the urbanization development speed on water resources conflict by building the risk stress coupling analysis model of urbanization development speed and water conflict. Firstly, we use the nonlinear fuzzy comprehensive adjustment (FCA) measure model based on entropy weight method to determine the level of urbanization and water resources conflict risk, then construct the coupling coordination degree function of urbanization speed and water conflict risk pressure, and calculate the coupling coordination degree. Secondly, we determine the level of water resources conflict according to the coupling coordination degree to obtain the trigger threshold value of water resources conflict and analyze the coupling results. Lastly, we start the instance analysis with Beijing City, Tianjin City, and Hebei Province region in Haihe river basin of China, as an example, by analyzing the influence of the urbanization speed on water resource conflict and by obtaining the threshold value of water resources conflict caused by the effect of water consumption of gross domestic product (GDP) per 10 thousand Yuan and annual per capita domestic water consumption on the urbanization development speed, expressed in interval number.
Introduction
The researches on the conflict relationship between urbanization development and water conflict have made some process, which can be divided into three aspects. (1) Research on The Interact Relationship between Urbanization and Water Conflict. Majumder [1] explained how does climate change happen and what influence does it make, and also he creatively put forward the notion of climate models, Global Climate Model (GCM) and Regional Climate Model (RCM). Some of Chinese scholars believe that a complicated effect relationship exists objectively between urbanization development speed and water resource conflict [2] . They hold the opinion that acceleration of urbanization development speed brings great pressure to ecological environment [3] , and urbanization which leads to water demand increase and water resource shortage has become one of important factors for water resource conflict [4] . (2) Research on Coupling Coordination Method. In 1999, Liao [5] puts forward harmonious development model of economy and environment of coordination degree between two systems that are mutually coupled. After that, many researches regarding coordination degree between economy and environment are developed within country, of which research regarding coupling coordination degree between urbanization and ecological environment gains many achievements, such as that by Liu et al. who put forward a coordinative criteria model which takes urbanization and ecological environment into account [6] . Wang et al. [7] make use of coupling coordination model to analyze coordination evolution tendency of Tianshui urbanization and ecological environment. Ma et al. [8] perform quantitative analysis to coupling coordination of Gansu urbanization and ecological environment. (3) Research on Related Applications. Bao and Fang [9] took arid regions of northwest China as research objects and researched on water resources constraint force in the process of urbanization in water deficient regions and pointed out that water resources constraint force (WRCF) should be applied when analyzing water crisis on rapid urbanization especially in arid and semiarid areas all over the world. Furey and Lutyens [10] took Ashford region as an example to illustrate how to overcome the conflict between water infrastructure and environmental quality and thought 2 Mathematical Problems in Engineering that the latest problems happening with water environment set up the dominating constraints to growth which could come out from the proposed development and scientific water management strategies for the purpose of adapting to Ashford's expansion. Apart from it, this paper reviews the integration methodology which was developed and discussed from the experience.
After viewing extensive literature searched in the database, the current researches on urbanization development and water conflict are found to have some deficiency which can be divided into three aspects. The first aspect is that research range of these methods is restricted to layer of region, and research regarding basin water resource conflict is few. The second aspect is that achievements of research to impact mechanism of water resource conflict from perspective of urbanization development speed are not so many. The last aspect is that there is not any research method concerning the water resource conflict risk pressure and risk level assessment.
Mutual Coupling Relationship between Urbanization Development Speed and Water Resource Conflict Risk Pressure
Coupling effect of urbanization development speed and water resource conflict risk pressure is mainly embodied in two aspects: the first aspect is that urbanization development speed directly affects water resource conflict risk pressure. Water resource conflict risk pressure is generally decided by factors, such as water demand, available water supply, discharge of waste water, effect degree on ecological environment, and whether basin water resource management system is improved. Fast or slow degree of urbanization directly affects water volume access degree of each region within basin, strength of pollution discharge demand, and effect degree on ecological environment. Once water volume, water quality, and ecological environment exceed bearing range, water resource conflict may be caused. The second aspect is that water resource conflict risk pressure restricts urbanization development speed [11] [12] [13] [14] [15] . Urbanization development speed can be measured by analyzing urbanization levels at different stages. Urbanization level is generally quantified from three aspects, that is, population urbanization level, economy urbanization level, and social space urbanization level. Once water resource conflict risk pressure changes, it will affect urbanization level from aspect of water volume, water quality and ecological environment, and so forth, thus affecting urbanization development speed. See Figure 1 for specific mutual coupling relationship between urbanization development speed and water resource conflict risk pressure.
By constructing coupling analysis model of urbanization development speed and water resource conflict risk pressure, we can quantitatively measure coupling relationship and coordination degree of two systems and analyze coupling change of different urbanization levels and water resource conflict risk levels of some regions or cities. Then impact mechanism of urbanization development speed to water resource conflict will be analyzed.
Determination of Urbanization Level and
Water Resources Conflict Risk Level 
where ( ) is the measure value of urbanization development speed of a city or a region in year . In particular, when = 1, urbanization development speed of̃( + 1) = | ( + 1) − ( )|/ ( ) of a city or a region in year ( + ) can be obtained. 
where ( ) is the measure value of water resources conflict risk level in year . In particular, when = 1, water resources conflict risk pressure of̃( + 1) = | ( + 1) − ( )|/ ( ) of a city or a region in year ( + 1) can be obtained.
Method to Determine the Urbanization Level and Water
Resources Conflict Risk Level. Factors affecting measurement of urbanization level and water resource conflict risk level are various with complex layers. Information has uncertainty. Preprocessing has to be performed to index if scientific measurement has to be performed to it. Fuzzy comprehensive adjustment (FCA) measure model can embody uncertain information with quantitative method, and judgment grade of judgment object and degree where it is attached to each grade can be gained through comprehensive judgment matrix gained through blurring operation [16] . Therefore, FCA model can be adopted to measure basin water resource conflict risk level. But FCA model is still a linear weighting measurement method, and it cannot reflect prominent influence owned by some measurement indexes [17] . Considering that nonlinear measurement model is more suitable for actual circumstances [18, 19] , this paper adopts nonlinear FCA model and combined with entropy weight method to perform measurement to urbanization level and water resource conflict risk level.
The process of building the nonlinear FCA measuring model based on entropy weight method is as follows.
(1) The Indexes Are Processed on a Dimensionless Basis to Determine the Matrix. Assuming that the measuring factor set consisting of measuring indexes is = { 1 , 2 , . . . , }, the actual value of measuring indexes is { 1 , 2 , . . . , }. The remark grade domain of discourse = { 1 , 2 , 3 } is decision that describes the status of each factor, that is, the measuring grade. The critical value of grades corresponding to measuring factor is {0, V 1 , V 2 , 1}. The index grading values are included in Table 1 .
denotes the membership degree of measure factor to grade . Calculation of the value can be done with the following membership function formula according to the actual value and the grading indexes of measuring factors. For any measuring factor , if the corresponding actual value is , = 1, 2, . . . , , then
where 1 is the critical value of grades 1 and 2 that correspond to measuring factor ; that is, 1 = V 1 ; 2 is the interval midpoint value of grade 2 that corresponds to measuring factor ,; that is, 2 = (V 1 + V 2 )/2; 3 is the critical value of grades 2 and 3 that correspond to . . .
measuring factor ; that is, 3 = V 2 . With calculations, the evaluation matrix of the measuring target is = ( ) ×3 .
(2) Determination of Measuring Index Weight Based on Entropy Weight
Method. The entropy weight of measuring indexes = ( 1 , 2 , . . . , ) is determined with entropy weight method. Entropy weight represents the amount of information of an index. A bigger entropy weight means that the index plays a bigger role in comprehensive decisionmaking, which directly and effectively reflects the degree of difference among indexes. and the measuring target and based on evaluations by experts. It is assumed that the index prominent influencing degree coefficient vector is (Λ = ( 1 , 2 , . . . , ), ≥ 1, where the higher prominent influencing degree of index on the measuring result there is, the bigger there will be. When index has no prominent influence, will be 1. For simplicity, may be an integer equal to or greater than 1. Assuming = max{ 1 , 2 , . . . , }, it is defined that the composition operator of nonlinear fuzzy matrix is
Mathematical Problems in Engineering measuring objects must be appropriately transformed upon application of the operation to fuzzy matrix composition as fuzzy comprehensive measuring generally has ∈ [0, 1] as the membership. The membership value is turned to be a number that is greater than 1. It can be obtained that = ( > 1) and = ( ) ×3 .
Finally, the fuzzy comprehensive measuring model is obtained to be
where denotes the membership of measuring factor in grade . is the index weight. The maximum membership value, also known as fuzzy comprehensive measured value, is obtained with the maximum membership method. The measuring grade into which the measuring target falls is determined.
Determination of Urbanization Level and Water Resource Conflict Risk Level
(1) Determination of Urbanization Level. With the help of the measuring index system of urbanization level, the fuzzy comprehensive measured value ( ) of urbanization level of a city or a region in year can be obtained by using the nonlinear FCA measuring model based on entropy weight method, where is the nonlinear fuzzy function regarding an urbanization level measuring index.
(2) Determination of Water Resources Conflict Risk Level.
With the help of the measuring index system of water resources conflict risk level, the fuzzy comprehensive measured value ( ) of water resources conflict risk level in year t can be obtained by using the nonlinear FCA measuring model based on entropy weight method, where is the nonlinear fuzzy function regarding a measuring index of water resources conflict risk level.
Coupling Coordination Judgment between
Urbanization Development Speed and Water Resource Conflict
Construction of Coupling Coordination Development
Degree Function. On the basis of research for coordination development model of economy and environment put forward by Hu et al. [19] , with reference to its coupling function construction idea of quantifying the coordination degree between the mutually coupled two systems, construct coupling coordination function between urbanization development speed and water resources conflict risk pressures. For order parameters̃( ) and̃( ) of urbanization development speed and water resources conflict risk pressure in a city or a region in year , relative deviation coefficient between the two shall be defined as
; the smaller the deviation coefficient V is, the better the coordination degree between the two is. Becausẽ( ) ≥ 0 and
Coordination degree between urbanization development speed and water resources conflict risk pressure can be expressed as
, where is accommodation coefficient, ≥ 2, and its value shall be determined according to the specific conditions. For coordination degree ( ) between urbanization development speed and water resources conflict risk pressure, we can draw the following two conclusions: A As̃( ) ≥ 0, ( ) ≥ 0, 0 ≤ ( ) ≤ 1; B the smaller the deviation coefficient is, the closer to 1 the value of ( ) is and the better the coordination degree between urbanization development speed and water resources conflict risk pressure is.
In order to further elaborate coupling coordination development relation between urbanization development speed and water resources conflict risk pressure, introduce comprehensive compatibility index variable ( ), which reflects overall coordination effect or contribution between urbanization development speed and water resources conflict risk pressure. Based on the above analysis, coupling coordination development degree function can be defined as follows:
where ( ) is the coordination degree between urbanization development speed and water resources conflict risk pressure, ( ) is comprehensive compatibility index between urbanization development speed and water resources conflict risk pressure, is coordination development coefficient, 0 ≤ ≤ 1, is accommodation coefficient, ≥ 2, and are undetermined weight number, and + = 1. Due to the fact that the urbanization development speed is equally important as the water resources conflict risk pressure in all regions within the basin, = = 0.5.
Threshold Value of Water Resources Conflict Obtained
Based on Coupling Coordination Degree. Based on coupling coordination degree ( )calculated according to urbanization development speed and water resources conflict risk pressure, determine the level of water resources conflict and obtain the threshold value triggering water resource conflict. The specific calculation and analysis process is as follows. As 0 ≤ ( ) ≤ 1, 0 ≤̃( ) ≤ 1 and 0 ≤̃( ) ≤ 1, 0 ≤ ( ) ≤ 1. The value of ( ) is between 0 and 1; the bigger it is, the better the coordination degree is. Conversely, the smaller it is, the worse the coordination degree is. When ( ) = 1, coupling coordination development level is the biggest. Benign resonance coupling is reached among systems or among the internal elements of the system. The system tends to new ordered structure with mutual promotion between urbanization development and development and utilization of water resources and efficient and coordination development. When ( ) = 0, coupling coordination development level is very small thus resulting in disordered development of the system; the pressure of urbanization development speed on development and utilization of water resources is relatively big or water resources conflicts affect the urbanization process. Types and discrimination criteria, corresponding water resources conflict level, relation feature between urbanization and water resources conflict of the following coupling coordination development level are set in the paper, which is as shown in Table 2 for specific conditions.
If 0 < ( ) ≤ 0.1 and 0.1 < ( ) ≤ 0.3, namely, it is the coupling coordination type between urbanization development speed and water resources conflict risk pressure that belongs to disordered development type; coupling coordination levels, respectively, are severely disordered development coupling and slightly disordered development coupling. The pressure of urbanization on water resources will lead to the water resources conflict. The size of water resources conflict risk pressure is usually caused by the water quantity conflict, water quality conflict, and ecological environment conflict. At this time, we can combine the coupling coordination type with the actual conditions of research area and obtain threshold value causing water resources conflict.
If 0.3 < ( ) ≤ 0.5, namely, it is that the coupling coordination type between urbanization development speed and water resources conflict risk pressure that belongs transition type; coupling coordination level is low coordination development coupling. The urbanization process has less pressure on water resources. At this time, we can combine the coupling coordination type with the actual conditions of region and obtain threshold value causing water resources conflict.
If 0.5 < ( ) ≤ 0.7, 0.7 < ( ) ≤ 0.9, and 0.9 ≤ ( ) < 1, coupling coordination type between urbanization development speed and water resources conflict risk pressure belongs to coordination development type; coupling coordination level is moderate coordination development coupling, high coordination development coupling, and extreme coordination development coupling. Urbanization can coordinate water resources, which means there is no water resources conflict problem. Tables 3  and 4 .
Application

Calculation of Urbanization Level and Water Resources
Conflict Risk Level. Weights of urbanization level measure index and water resources conflict risk level measure index are determined, respectively, based on entropy method, where Determine water resource conflict risk level: A judge matrix calculation. Assuming that measure factor set constituted by various measure index of water resource conflict risk level is̃= {̃1,̃2, . . . ,̃6} and the actual valued of various measure index in year are {̃1,̃2, . . . ,̃6}, comment grade discourse domaiñ= {̃1,̃2,̃3} and̃1,̃2,̃3 represent lower, middle, and high water resource conflict risk level. Measure index grade values of water resource conflict risk levels in Beijing City, Tianjin City, and Hebei Province in Haihe river basin of China are determined as shown in Table 6 (11)
Coupling and Coordination Analysis on Urbanization Development Speed and Water Resource Conflict Risk Pressure
Step 1 (determine urbanization development speed). Step 2 In 2007, the degree of coupling coordinated development regarding urbanization development speed and water resource conflict risk pressure is 0.1530; the coupling coordinated type of urbanization development speed and water resource conflict risk pressure belongs to uncoordinated development type and the degree of coupling coordination is slightly coordinated development coupling. In fact, in 2007, 12 water resource conflict events occur in Beijing City, Tianjin City, and Hebei Province, such as water diversion conflict between Beijing City and Hebei Province Juma River, water event conflict between Beijing City and Hebei Province right bank of Yongding River (Golden Gate to Hanying section), and conflict between Tianjin City and Jinhai Lake; all conflicts are serious water resource conflict events.
Conclusion and Analysis
Coupling Relationship between Urbanization Development
In 2008, the degree of coupling coordinated development regarding urbanization development speed and water resource conflict risk pressure is 0.3660; the coupling coordinated type of urbanization development speed and water resource conflict risk pressure belongs to transition type and the degree of coupling coordination is slightly coordinated development coupling. In fact, in 2008, only 2 water resource conflict events occurred, in Beijing City, Tianjin City, and Hebei Province.
The example analysis of Haihe river basin of China (Beijing City, Tianjin City, and Hebei Province) in 2005 to 2010 indicates the urbanization development may indeed cause water resource conflict, especially the excessively fast urbanization development; it may cause serious water resource conflicts.
Determination of Water Resource Threshold.
According to the rank of coupling coordination regarding urbanization development speed and water resource conflict risk pressure in 2007 and 2008, the threshold which causes water resource conflict in Haihe river basin of China (Beijing City, Tianjin City, and Hebei Province) can be obtained through analysis. As the year of 2007 belongs to slightly uncoordinated development coupling year, but the year of 2008 belongs to slightly coordinated development coupling year, the water utilization index in these two years can be used as reference to judge whether the urbanization development speed will cause increasing of water resource conflict risk pressure. The threshold which causes water resource conflict in Beijing City, Tianjin City, and Hebei Province can be obtained through analyzing the data in Table 4 . The two indexes in water yield conflict are as follows: the threshold for GDP water consumption per ten thousand Yuan is [85.25, 103.75] ton and for annual domestic consumption per capita is [196.06, 202 .64] ton. These two indexes are represented by interval number; if the urbanization develops at a too fast speed and GDP water consumption per ten thousand Yuan for Beijing City, Tianjin City, and Hebei Province is in [85.25, 103.75] ton or the annual domestic consumption per capita is in [196.06, 202 .64] ton, it will enter into intense situation and water resource conflict may occur, which must be paid much attention by water resource management department.
